During the last century, the socio-economic conditions of European mountain areas have completely changed, particularly in locations far from industrial areas. As a consequence of the migration of workers towards densely inhabited valleys and close-to-mountains lowland areas offering better income opportunities, the population of many small mountain villages has been declining and ageing. The traditional agricultural practices have been progressively abandoned and forests have expanded on abandoned land.
The expansion of forest area may affect positively or negatively the species diversity and landscape attractiveness (EEA, 1999 , Höchtl et al., 2005 , Hunziker, 1995 , while it can contribute to balance the deforestation phenomenon and to offset the emissions of carbon dioxide. The interest on tree colonization process has significantly increased in the last years in relation to the carbon cycle and the Kyoto Protocol. In many countries, methods are being tested to quantify the rate of forest expansion with reference to the 1990 baseline using remote sensing data. On the other hand, forest inventories data at different times are compared and different sampling techniques are used in order to produce reliable estimates of afforestation and reforestation process (Brassel & Brändli, 1999; Corona et al., 2005) .
In 2002 the Forest and Wildlife Service of the Province of Trento (Italy) launched a research project aimed at deriving information to promote a sustainable management of new forest stands and to direct tree colonization dynamics through management practices. This paper reports on methods applied by the authors to assess secondary forests and presents some results of the data collection, focusing on the estimate of the new forest extent and of their distribution according to the main environmental factors observed.
Study area and period
The study area is the Province of Trento, in the North-East Alpine region of Italy. Its area is about 600,000 hectares and forests and shrubs cover more than 60%. The study analyzed the changes of forest cover occurred from 1973 to 1999. A study period of almost 30 years was considered long enough to identify significant land use changes. Moreover, during the observed period great demographic changes occurred in the study area: the total population increased by 10%, but the employees in agriculture decreased by more than 50%.
Material and methods
Secondary forest assessment in the study area was performed by comparing the forestnon-forest classification in sampling points observed by the photo-interpretation in two reference dates: year 1973 and year 1999.
For the year 1999, digital colour orthophotos were used, while for the year 1973, orthorectified digital black & white aerial photos were used. The photointerpretation was carried out at the nominal scale 1:10,000. Moreover, a land use map (LUM) referred to 1999 and a 40 m resolution DEM were used both to improve the classification and to collect data for the sampling units.
Forest was defined using the following thresholds: a minimum area of 1000 m 2 , a minimum width of 10 m, a canopy cover of at least 20% and a minimum height of 2 m. A secondary forest is meant to be a stand established after 1973 on a land which had, at that time, a different land use.
Sampling design and data collection The sampling scheme was designed to address the issue of ensuring the randomness of points selection and, at the same time, of minimizing the number of 1973 photos used. As far as the year 1999 indeed, a whole ortho-photo cover of the study area was available, while for the year 1973, the aerial photos had to be orthorectified.
In addition, a number of secondary forest points large enough to obtain reliable information from ground surveys had to be identified by photointerpretation.
As a consequence of these requirements, a particular area sampling procedure with a twostages design was adopted. In the first stage a sample of areas was selected while sampling points were drawn in each area in the second one.
However, area sampling might be unsuitable to study rare phenomena (Fabbris, 1989) , like tree colonization on abandoned land. In order to make the sampling more efficient, the length of the forest edges derived from the digital land use map of the Province of Trento (for which a correlation with the phenomenon studied is very likely) was used as auxiliary variable.
In the first step, the whole study area was subdivided into N square units (N = 472) with side length of 4000 m (Primary Sampling Units or PSU's). Each Primary Sampling Unit was then assigned a weight proportional to the total length of forest edges intercepted by its area.
Finally, 100 PSU's were randomly selected (with replacement), with probability of selection proportional to the weight.
In the second stage, a total sample of 10,000 points (Secondary Sampling Units or SSU's) was made by selecting randomly 100 points in each PSU drawn in the first stage.
The photointerpretation of 1973 and 1999 ortho-photos made it possible to classify each SSU as forest or non-forest for both dates. As the "minimum height" could not be assessed from orthophotos, different ancillary data (LUM, forest planning maps, topographic maps) were used to improve the photo-interpretation concerning this feature. The sampling points intercepting secondary stands were identified by comparing the results of this classification. To make this comparison more reliable, the classifications in relation to 1973 and 1999 were carried out at the same time, opening both the view windows, in order to detect the differences due to spatial accuracy problems.
In the sampling points classed as secondary forests, many attributes have been assessed by GIS and field surveys. Measurement on orthophotos were taken to assess the size of new forest patches, the distance to old forest boundary and the crown cover. Topographic data were derived from DEM and the category of surrounding forest was derived from forest planning maps. Other attributes, like origin, development stage and forest category of the new stands (coniferous, broadleaved and shrubs), were assessed in the field. Moreover, the previous land use (referred to 1973) and the main current use of the surroundings were assessed by using both the orthophotos and the data collected in the field.
Results and discussion
Estimate of the new forest area As a result of the photo-interpretation, 334 of 10,000 SSU's were classed as secondary forests and their distribution is shown in figure 1. At the same time, it should be noticed that 48 of 10,000 SSU's have been affected by deforestation.
The estimated total extent of new forests is 18,218 ha, which means that 2.9% of the study area (or the 4.5% of the forest area in 1999) is covered by forest stands established after 1973. The standard error of the estimated value is 0.3% and the confidence interval is between 2.4% and 3.5%.
The estimated average annual rate of tree colonization is 0.11% of the total extent of the study area, but the net forest expansion, including deforestation, is 0.10%. This value is about one half of that assessed by Corona et al. (2005) in the Abruzzo region (Central Italy) for a shorter comparison period (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) : in that case indeed, an average annual rate of forest expansion of 0.23% was estimated. A recent estimate of forest expansion in the Alpine region in the last decades is given by the comparison of the two last NFI of Switzerland, where an increase of 4% has been observed between 1982 -86 and 1993 -95 (Brassel & Brändli, 1999 . However, the estimates varied greatly in relation to the sub-region being considered. Concerning the Southern Alps, a still higher increase was reported, equal to 5.6%. Also in the study area the phenomenon is not homogeneously distributed. The rate of colonization varies significantly among the selected PSU's, ranging from 0 to 17%.
The auxiliary variable used for sample selection resulted to be correlated with the phenomenon, as shown by the coefficient of correlation that is quite low (equal to 0.27) but very significant (p value = 0.0059). 
Attributes of the new forests

Site features
The phenomenon is concentrated in the middle elevation classes, typically marginal agricultural areas, with a main peak between 800 m and 1000 m asl. A second peak, between 1600 m and 1800 m asl, is due to the abandonment of high elevation pastures and the consequent raising of the tree line.
As regards the distribution of the new forest area per aspect and per slope class, the tree colonization has mainly affected the warmer sites, with South aspect, and moderately sloped areas, that is the sites more suitable to agriculture. These results suggest that less productive and less accessible fields had been already abandoned before the monitoring period and that the more recent tree colonization has occurred mainly in marginal areas.
Colonization dynamics
With regard to the current surrounding land use, the secondary forests are mainly located on glades and on meadows and pastures and the results about previous land use show that the tree colonization has occurred principally on abandoned meadows and pastures. Most new forest stands resulted to have a natural origin. Concerning their development stage, only few stands are well established, more than 30% of them are very young, while about 50% are at an intermediate stage. This distribution suggests that tree colonization has continued during the whole observed period.
The results of data analysis in relation to some spatial properties of the new forest patches show that most patches are very small and their extent is less than 1 ha. The distribution of new stands per distance to the previous forest boundary suggests that they generally occur near old forests.
Most new forest stands are very closed: 79.3% of the SSU's has been assigned to the highest crown cover class, ranging from 80% to 100%.
Finally, the new stands were grouped into some very general forest categories: coniferous, broadleaved and shrubs. More than 50% of the surveyed SSU's were assigned to the broadleaved, while the frequencies of coniferous and shrubs were respectively 43.6 % and 5.9%. At the same time, the category of the surrounding forests was also surveyed. In this case, the coniferous category was shown to be prevailing (64.3%) while the broadleaved occurred only in 29.3 % of the surrounding forests. Therefore, it seems that the tree colonization process has increased the species diversity, even though it might be a temporary result of land use changes.
With regard to the species composition, most species observed in new stands are natural: Robinia pseudoacacia was the only significant invasive species noted and it occurred in 7.9% of new stands.
Conclusions
In Italy, the tree colonization of abandoned lands is an important issue for most mountain areas. Many authors have analysed this process but information about the overall extent of forest expansion is still lacking. However, such information would be important for a solid quantitative foundation of a forest policy oriented to a sustainable management of the landscape.
This study provides a quantitative estimate of the shift in land use from non-forest uses to forest areas occurred between 1973 and 1999 in the Province of Trento and lead to conclude that the phenomenon has been rather limited (it has involved about 3% of the whole land area), but continuous and concentrated in some particular environments. Generally the new forest has originated from the natural expansion of the forest and it has established along the edges of old forests. The tree colonization process has involved a loss of diversity in the landscape, because it has generally occurred in meadows and pastures and has been progressively closing the forest clearings. At the same time, the tree colonization may increase the forest diversity, at least temporarily. Generally, the composition of new stands is indeed very different from that of the surrounding forest, with a remarkable increase of broadleaved stands that occurred in a coniferous dominated landscape.
